Introduction {#sec1-1}
============

Gangliogliomas are rare central nervous system tumors, which pathologically consist of low-grade neuronal--glial elements. They are considered as benign and slow-growing neoplasms with low morbidity and mortality.\[[@ref1][@ref2][@ref3]\] They are common in children and young adults,\[[@ref4][@ref5]\] with a predilection for temporal lobe.\[[@ref2][@ref6]\] They frequently present with seizures and account for approximately 40% of all epileptogenic tumors.\[[@ref1][@ref3][@ref7][@ref8]\] Complete and timely resection of ganglioglioma is known to achieve better seizure control and outcome.\[[@ref2][@ref3][@ref9][@ref10]\] We retrospectively analyzed data pertaining to 24 patients who underwent surgical resection for ganglioglioma at our centre. The objective of our study was to analyze this subgroup of patients, with this rare central nervous system pathology for their demographic profile, clinical features, management, and outcome.

Materials and Methods {#sec1-2}
=====================

Patient population {#sec2-1}
------------------

We retrospectively analyzed data pertaining to 24 patients, with biopsy-proven ganglioglioma. All patients had undergone preoperative magnetic resonance (MR) imaging and who had history of seizure were subjected to one or more electroencephalography studies. The aim of the surgery was complete resection of the tumor whenever possible. The surgical approach was chosen depending on the site of the lesion. A postoperative brain MR imaging scan was performed in all patients, most of them at 6 months after surgery. The extent of resection was confirmed by reviewing the postoperative MR imaging and operation records.

Resection was defined as \'gross total\' if residual tumor was not seen on postoperative contrast MR imaging; \'subtotal\' if more than 80% of the tumor was removed; and \'partial\' if less than 80% of the tumor was removed. Seizure outcome was assessed periodically in the outpatient department and with telephone interviews. The classification proposed by Engel et al.\[[@ref11]\] was used to grade postoperative seizure outcome.

Results {#sec1-3}
=======

Clinical findings {#sec2-2}
-----------------

In our study, 13 (54%) patients were male and 11(46%) female. Signs and symptoms of raised ICP were present in 16 (66.6%) patients. Twelve patients (50%) presented with seizure disorder (seven patients with complex partial seizure with temporal lobe mass and five patients with simple complex seizure and secondary generalization with extra-temporal lesions) and four patients with pyramidal signs and five with cranial nerve paresis; 1 patient also had cerebellar signs. The mean interval between the onset of seizures and surgery was 3.9 years (range 1 month to 15 years) and average age at surgery was 20.2 years (range 7-50 years) \[[Table 1](#T1){ref-type="table"}\].

###### 

Clinical profile of patients (*n*=24)
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On MR imaging 12 tumors (50%) were located in the temporal lobe \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\] 1 in the frontal lobe; 2 each in the parietal and occipital lobe, cerebellum, and posterior third ventricle region; and 3 patients presented with a suprasellar mass with chiasmal involvement and brainstem compression. Contrast enhancement of the tumor was observed in 16 patients.

![Post-contrast T1-W (T1-weighted) axial (a) Sagittal; (b) And coronal; (c) Images showing contrast enhancing solid cystic mass in the right medial temporal region](AJNS-11-407-g002){#F1}

![Post-contrast T1-W axial (a) Sagittal; (b) And T2-Flair coronal; (c) Images showing contrast enhancing solid cystic mass in the right anterior temporal region](AJNS-11-407-g003){#F2}

Surgical results {#sec2-3}
----------------

Intra-operative electrocorticography (ECoG) alone was used in three patients of temporal lobe lesion (2 with epilepsy and 1 without epilepsy) and image guidance alone was used in two patients (1 with temporal lobe lesion without epilepsy and 1 with suprasellar tumor with chiasmal involvement). Both ECoG and image guidance were used in one patient with temporal lobe lesion with epilepsy. In all three temporal lobe ganglioglioma patients with epilepsy in which intra-operative ECoG was used, we removed the adjacent neocortex from where the active spikes or pronounced attenuation were obtained. We did not use intra-operative ECoG and image guidance for 18 (75%) patients (2 patients with temporal lobe lesion with epilepsy and 16 with extra-temporal lesions).

Gross total resection was achieved in 17 (70.8%), subtotal resection in 5 (20.8%), and partial resection in 2 (8.3%) patients. No tumor recurrence or progression was observed during the mean follow-up of 1.6 years.

Pathological findings {#sec2-4}
---------------------

All tumors presented features of WHO grade-I ganglioglioma. They were composed of clusters of large polymorphic ganglion cells and neoplastic astrocytes. Vascular endothelial proliferation or mild peri-vascular chronic inflammation was observed.

Seizure outcome {#sec2-5}
---------------

After a mean follow-up of 1.6 years (range 3 months to 2.5 years), out of 12 patients with pre-operative seizures, 10 (83.3%) were seizure-free (Engel class-I) and 2 (16.6%) belonged to Engel class-II \[[Table 2](#T2){ref-type="table"}\].
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Summary of patients (*n*=24)
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Statistical analysis {#sec2-6}
--------------------

As previously mentioned, patients were divided into a seizure-free group (Engel class-I) and a non-seizure-free group (Engel class II-IV). Gender, age at surgery, and seizure duration prior to surgery did not differ between the two groups. Presence of seizure type or secondary generalization was not significantly correlated with postoperative seizure outcome. MR imaging findings, including mass effect and contrast enhancement, were not correlated with seizure outcome. Use of intra-operative ECoG or intra-operative ultrasonography IOUS did not affect postoperative seizure outcome. Simple lesionectomy and tailored epilepsy surgery led to similar seizure outcome. Gross total resection tends to be better achieved in patients operated on under Intraoperative ultrasound (IOUS) monitoring. However, extent of resection was not related with a better postoperative seizure outcome. The seizure outcome difference between temporal resection and extra-temporal resection was not statistically significant.

Complications {#sec2-7}
-------------

There was no operative mortality and none of the patients died during the mean follow-up period of 1.6 years. Four patients had postoperative complications: Two patients had seizure in the immediate postoperative period and one each developed inter-nuclear opthalmoplegia and urinary incontinence. All patients recovered completely prior to discharge from hospital.

Discussion {#sec1-4}
==========

Ganglioglioma is a common epileptogenic tumor, and surgery is currently considered as the treatment of choice. It is still unclear whether tumor resection (lesionectomy) alone is sufficient\[[@ref2][@ref12]\] or additional resection of the epileptogenic zone is required for seizure control.\[[@ref13][@ref14]\]

We believe in complete resection of the tumor along with additional resection of the epileptogenic zone whenever possible. We find ECoG to be very helpful in identifying the irritative zone adjacent to tumor. Use of intra-operative CT/ultrasound/MR imaging guidance has helped us in accurate localization of the tumor. However, the available literature on usage of these adjuncts is limited and does not show a positive correlation with the final outcome.

During the follow-up period, all nine patients for whom primary indication for operation was intractable epilepsy became seizure-free. These data indicated that surgical treatment might result in excellent seizure control for patients with ganglioglioma. Whether early surgical intervention, short duration of epilepsy and absence of secondary generalization are positive predictors of seizure outcome is controversial. Morris et al.\[[@ref2]\] observed a better seizure outcome in patients with a shorter duration of epilepsy and younger age at operation. These findings were supported by Aronica et al.\[[@ref15]\] However, Im et al.\[[@ref10]\] failed to find any correlation between improved seizure outcome and the above-mentioned factors.

Intra-operative ECOG is traditionally used during epilepsy surgery to identify epileptogenic zone, thus aiding in resection of epileptic foci, which can be away from the tumor itself.\[[@ref16][@ref17]\] However, it has limitations, including absence of ictal information and susceptibility to anesthesia disturbance.\[[@ref18]\] Due to its short duration and absence of ictal recording, intra-operative ECoG is not a substitute for pre-surgical evaluation.\[[@ref19]\] Some investigators have demonstrated satisfactory seizure control achieved by lesionectomy alone without intra-operative ECoG monitoring.\[[@ref20][@ref21][@ref22]\] Based on the above facts and our own experience, we believe that intra-operative ECoG is a useful aid in the armamentarium of an epilepsy surgeon, but in its absence also, adequate tumor resection is likely to provide good outcome in terms of recurrence of seizure and tumor itself.

However, to our present knowledge, no previous study has investigated the significance of image guidance in postoperative seizure control among patients with gangliogliomas. Use of image guidance significantly increased the rate of complete tumor resection. The surgical strategy (simple lesionectomy or tailored epilepsy surgery) for epileptogenic ganglioglioma remains debatable. Some investigators suggested that simple lesionectomy was sufficient for favorable seizure control,\[[@ref20]\] whereas others advocated tailored epilepsy surgery.\[[@ref7][@ref23]\] Basic studies also revealed that there were some mechanisms underlying tailored epilepsy surgery for epileptogenic tumors, which included morphological, metabolic, pH, amino acid, neuroreceptor, and neuro-immunological abnormalities in the adjacent cortex.\[[@ref24]\] However, no previous report is available dealing with both simple lesionectomy and tailored epilepsy surgery or compared the seizure outcome of two different surgical strategies. In the present study, all patients were treated with simple lesionectomy, which indicated simple lesionectomy was sufficient for good seizure control. However, additional studies are required to provide more convincing evidence in this regards. Senior author advocates use of ECoG and wherever possible and required intraoperative co-registration of MRI, positron emission tomography and ECoG for improving the localization of the epileptogenic focus^.[@ref25]^,\[[@ref26]\]

Conclusions {#sec1-5}
===========

In conclusion, surgical treatment is effective in achieving good seizure outcome with low complication rates in patients with epileptogenic gangliogliomas. Although early surgical intervention appears not to be correlated with better seizure outcome, it is necessary for achieving early seizure control. Intra-operative ECoG and neuronavigation are useful adjuncts in the armamentarium of an epilepsy surgeon. Simple lesionectomy is sufficient for favorable postoperative seizure control.
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